Health-enhancing physical activity during early childhood serves not only to entrench healthy behaviors throughout life1 but also plays a role in developmental milestones, such as cognitive functioning, socialization, and emotional well-being. 2, 3 The National Association for Sport and Physical Education (NASPE) 4 has developed nationally recognized physical activity guidelines for children from birth to the age of 5 years. These guidelines advocate for increasing opportunities for preschoolers (aged 3-5 years) to engage a minimum of 120 minutes of daily physical activity, with this activity coming in the form of 60 minutes of structured and 60 minutes of unstructured physical activity. Recent updates to the guidelines state that within these 120 minutes, caregivers should plan opportunities for preschoolers to engage in moderate-to-vigorous physical activity (MVPA). Other interpretations of the NASPE guidelines have focused on sufficient physical activity, which is defined as a minimum of 60 minutes of MVPA daily. 5 A previous review 5 and three empirical studies [6] [7] [8] indicate that the prevalence of preschoolers meeting the NASPE guidelines ranges from 7% to 96%. These studies either interpreted the NASPE guideline as 3 or more hours of physical activity daily, 6 included measures of physical activity of low accuracy (eg, parent proxy reports), 5, 6 or were based on samples outside the United States. [6] [7] [8] Likewise, the studies 7, 8 that used objective monitoring of preschoolers' physical activity used 2 different, yet scientifically validated and accepted, ways to classify physical activity intensity. This is likely the reason behind the large difference in reported prevalence estimates. Objective monitoring (ie, accelerometry) is considered to be the most acceptable means to measure preschoolers' physical activity. 9 Yet 1 of the major issues with objective monitoring, however, is the selection of cut points by which to quantify physical activity intensity. Studies indicate that different cut points can result in a 10-fold difference in physical activity estimates 10 and that sizable differences in the percentage of preschoolers accumulating 60 minutes of MVPA (75% vs 25%) are observed depending on the accelerometer cut points used. 11 It is specifically this issue, coupled with the multiple interpretations of the NASPE guidelines, that makes it difficult to determine the extent to which preschoolers are meeting national recommendations for accumulation of daily health-promoting physical activity. If physical activity guidelines are established and compliance is monitored, their interpretation and measure require uniformity. Furthermore, there a no US-based estimates on the proportion of preschoolers meeting physical activity guidelines. The purpose of this study, therefore, was to describe the prevalence of preschoolers that meet the NASPE physical activity guidelines using multiple interpretations of the guidelines and how the prevalence estimates vary across different sets of widely used accelerometer cut points for classifying preschooler's time spent in physical activity of different intensities (ie, light-to-vigorous physical activity).
PATIENTS AND METHODS
This is a secondary data analysis of an existing data set (the Children's Activity and Movement in Preschool Study) of 419 preschool children, aged 3 to 55 years, from Columbia, South Carolina. Recruitment and data collection procedures have been described in detail elsewhere. 12, 13 These procedures are briefly reviewed here. The sample consisted of a majority of African American (51%) preschoolers attending 22 commercial, religious, or head-start preschools from the greater Columbia, South Carolina, area and served children from a variety of different types of backgrounds, including urban, rural, and low and high socioeconomic status. None of the participants had any physical limitations that restricted their participation in physical activity. Physical activity data information were collected during 2 waves at each of the 22 preschools across a 28-month period (August 2003 through January 2006). The protocols of the Children's Activity and Movement in Preschool Study were approved by the University of South Carolina Institutional Review Board, and written informed consent was obtained from each child's primary guardian before collection of any data.
Accelerometry
Physical activity in this study was measured by the ActiGraph accelerometer (ActiGraph model 7164; ActiGraph, Pensacola, FL). All data were collected using a 15-second interval (epoch). This accelerometer is designed to detect volume and intensity of physical activity. Time spent in physical activities of varying intensities is derived through the application of cut points developed to differentiate when preschoolers are engaged in sedentary (eg, sitting), light (eg, slow walking), moderate (eg, fast walking, skipping), and vigorous (eg, jogging, running) physical activity. 14 Optimal cut points were determined on the basis of a criterion measure of energy expenditure associated with physical activity intensity (ie, indirect calorimetry, whole-room calorimetry, or direct observation). 14 The 4 most common sets of ActiGraph accelerometer cut points to define time spent in sedentary, light, moderate, and vigorous physical activity in the preschool-aged population were identified from an extensive literature search. The cut points (see Table 1 14, 19, 20 as the minimal threshold for moderate activity 14, 21 .
Participants wore the accelerometers on an elastic belt on the right hip (anterior to the iliac crest). Children wore monitors during the 2-week monitoring period (weekdays and weekend days). Parents were instructed to remove the accelerometer only during water activities (bathing or swimming) and when the child went to bed at night. For inclusion in the current study, children were required to have at least 10 hours per day of wear time and at least 1 complete day's worth of activity.
Interpretation of the NASPE Guidelines
The NASPE guidelines for preschoolaged children (aged 3-5 years) was interpreted as the following: 120 minutes of total daily physical activity (ie, light to vigorous); 120 minutes of daily MVPA; and 60 minutes of daily MVPA. The 120 minutes of total daily physical activity interpretation is consistent with previous studies that have used this operational definition. 7, 8 This interpretation is based on the fact the NASPE guidelines fail to explicitly indicate the intensity of the physical activity; hence, total time spent in light, moderate, and vigorous physical activity were included in the calculation. The interpretation of the NASPE guide-line as 60 minutes of MVPA is consistent with recent interpretations, 5, 22 where, extrapolating from physical activity guidelines for school-aged children, 60 minutes of MVPA per day is recommended. 23 The final interpretation of the guidelines as 120 minutes of MVPA is based on the lack of specification of activity intensity (as mentioned previously) and was operationalized to be consistent with the guidelines for school-aged children that focus solely on MVPA. 23 
Statistical Analysis
Initially, descriptive means and SDs were calculated. Tests between weekday and weekend day total physical activity and MVPA across the cut points, controlling for child-level (multiple days of activity monitoring nested within preschoolers) and preschoollevel (multiple preschoolers attending the same preschool) clustering, indicated no significant difference by segment of the week. Therefore, all subsequent analyses included all days of the week. Because the NASPE guidelines call for preschoolers to achieve the benchmark on a daily basis, we analyzed the data in 2 distinct ways. For the first set of analyses, all days of measured physical activity were used. 24 This was performed because, for instance, a preschooler could have been monitored for 4 days with observed MVPA of 62, 123, 67, and 98 minutes per day. This preschooler would have 4 days meeting the 60 minutes MVPA guideline and 1 day meeting the 120 minutes MVPA guideline. Hence, this prevalence rate represents the number of total days of valid accelerometer observation across the entire sample that preschoolers met the NASPE guidelines (according to the example, this would be a 100% adherence rate for 60 minutes of MVPA and a 25% adherence rate for 120 minutes of MVPA). In addition, using the child as the unit of analysis, we computed a prevalence rate on the basis of the number of days that met the NASPE guidelines for each child individually and divided this by the total number of days the child had valid accelerometer data. 7 In reference to the above example, the preschooler would have met the NASPE guideline interpretation of 60 minutes of MVPA daily and not met the guideline for 120 minutes of MVPA daily. Prevalence rates were computed for boys and girl, separately. Accelerometer estimates of physical activity intensity also were visually examined using distributional plots to illustrate the differences among prevalence rates across the 4 sets of accelerometer cut points. All analyses were performed using Stata (version 11; Stata-Corp, College Station, TX).
RESULTS
The descriptive statistics of the sample, along with the estimates of total physical activity and MVPA, are presented in Table 2 . The distributions of total physical activity and MVPA and the corresponding prevalence rates of meeting the NSAPE guidelines for 120 minutes of total daily physical activity, 120 minutes of MVPA, and 60 minutes of MVPA are presented in Table 3 and Figs 1 and 2. The proportion of valid accelerometer monitoring days that met the NASPE guidelines for 120 minutes of total physical activity, 120 minutes of MVPA, and 60 minutes of MVPA ranged from 45.7% to 99.9%, 0.4% to 99.2%, and 9.0% to 99.9%, respectively. The percentage of preschoolers that met the NASPE guidelines each day monitored ranged from 13.5% to 99.5%, 0.0% to 95.7%, and 0.5% to 99.5% for 120 minutes of total physical activity, 120 minutes of MVPA, and 60 minutes of MVPA, respectively.
DISCUSSION
These findings clearly indicate that the interpretation of the NASPE guidelines and the accelerometer cut points used to quantify levels of physical activity intensity has a strong impact on the prevalence of preschoolers accumulating sufficient amounts of healthenhancing physical activity. This has major implications in terms of establishing scientific evidence on the rates of physical (in)activity among preschoolers. Moreover, such inconsistencies create a situation whereby policy makers, public health officials, researchers, and the general public have limited knowledge on the extent to which preschoolers are physically active and what benchmarks in terms of accumulating sufficient levels of physical activity daily preschoolers should achieve.
Only two studies 7, 8 have reported that the accelerometer assessed physical activity of preschoolers meeting NASPE guidelines. Cardon and De Bourdeaudhuij, 7 using the Sirard et al 18 cut points, reported that 7% and 26% of Belgium preschoolers met the 60 minutes of daily MVPA and 120 minutes of total daily physical activity, respectively. We found that 2.4 of 6.4% and 13.5 of 17.5% of girls and boys met these guidelines when interpreting the data using Sirard et al 18 cut points (see Table 2 ). Vale and colleagues, 8 5, 6 found that anywhere from 54% to 80% of preschoolers meet NASPE guidelines. As mentioned previously, these studies interpreted the NASPE guideline as 3 or more hours of physical activity daily 6 or included measures of physical activity of low accuracy (eg, parent proxy reports). 5, 6 Potential solutions to the issue of guideline interpretation and selection of appropriate accelerometer cut points for preschoolers require careful consideration. When developing physical activity guidelines, attention needs to center on the ability to operationalize the guidelines across multiple audiences. Practitioners require easily interpretable guidelines that can inform routine practice in regards to their contribution to preschoolers overall physical activity. For the research and public health community, the ability to translate a guideline into measurable units necessitates that a guideline be void of ambiguity. In the current form, the NASPE guidelines do not clearly specify activity intensity or the amount of time preschoolers should accumulate at a given intensity. Simply, it states 120 minutes of physical activity, which has been interpreted in multiple ways. 5, 6, 8, 22 Moreover, a guideline should be based on aspects of physical activity behavior that are measureable. The NASPE 14, 15, 18, 21 or a variety of free-living activities 16 ), or were developed on a small number of preschool-ers (ie, n ϭ 29, 15 n ϭ 16 18 ). The variability in the protocols and samples are likely culprits in the sizeable differences in estimates of physical activity observed across the cut points. Future research should focus on establishing the validity of the existing cut points through independent validation studies. 25, 26 In the event that none of the cut points provide comparable accuracy, additional calibration studies using recommended methodology 14 will need to be conducted. Unfortunately, without this research, along with national and perhaps international consensus, the application of different cut points is likely to continue. Until then, the interpretation of preschoolers meeting physical activity recommendations needs to be conducted with caution, given the vastly different estimates of physical activity associated with a given set of cut points.
An additional caveat in determining compliance is the issue with meeting the guideline on a daily basis. This implies that a preschooler accumulates the requisite amount of physical activity each day. As the following example illustrates, a child that accumulates 60, 138, 102, or 180 minutes of MVPA would be classified as meeting the guideline of 60 minutes of MVPA daily, whereas they would have failed to meet the 120 minutes of MVPA daily guideline. Studies that average the number of minutes of physical activity over 2 or more days may artificially suggest a child meets the guideline. 8 For instance, using the example, the average MVPA of this child is 120 minutes. Hence, both the 60 and 120 minutes of MVPA guideline would have been met. Clearly, this can introduce substantial variability when attempting to estimate compliance rates. Be- cause the guideline does specify "daily physical activity," we recommended that each day be examined for compliance and not the average minutes of physical activity across days. We recognize that this may penalize preschoolers that miss a day because of factors outside their control (eg, inclement weather). Such scenarios need to be considered in the phrasing of new guidelines, with possible wording that calls for "5 of 7 days" or "most days of the week." Care, however, should be taken to ensure that the number of days preschoolers should achieve the recommended physical activity levels also is void of ambiguity. Nevertheless, the "every day" recommendation is consistent with national guidelines for youth aged 6 -18 years 23 and physical activity recommendations for preschoolers in Australia. 27 Furthermore, care needs to be taken in any interpretation of the NASPE guidelines as 120 minutes of MVPA. The use of the 120 minutes of MVPA as an interpretation was based on the lack of specificity in the original guidelines and represents 1 of many possible interpretations. The authors, however, do not advocate the interpretation of the NASPE guidelines as such but rather have used the 120 minutes of MVPA to illustrate the various ways in which it could be interpreted.
The recent release of the first National Physical Activity Plan for the United States (found at http://physicalactivity plan.org/education_st2.php) brings particular urgency to these issues. Strategy number 2 in the education sector of the National Physical Activity Plan recommends that "state and school district policies requiring school accountability for the quality and quantity of physical education and physical activity programs" be developed and implemented.
One way to mark progress, or lack thereof, for this strategy will be to solve the issues presented here.
CONCLUSIONS
Concerted efforts need to be made in clarifying the NASPE guidelines by explicitly indicating what constitutes sufficient levels of health-enhancing physical activity. Concurrently, the scientific community needs to resolve the issue of which accelerometer cut points are the most appropriate. Not until both of these issues are solved can a clear picture be made on the extent to which preschoolers engage in regular physical activity.
